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Abstract	
The	formation	of	Indonesian	islands	at	the		Oligosen	50	–	30	million	years,	where	
Indo‐Asian	peninsular	with	Sumatera,	Java,	Borneo,	Kalimantan	islands		plate	collided	to	
the	 Australian	 and	 Pacific	 plate	 to	 form	 Papua	 Mollucas	 and	 Sulawesi	 islands.	 	 The	
formation	Java		with	the	up‐lift	of	the	mountainous	southern	Java		by	subduction		of	the	
Australian	 plate.	 	 Spatial	 reconstruction	 concept	 	 based	 on	 postulate	 that	 	 Muria	
mountain	was	before	separated	with	Java	island		about		50	million	years.		Satellite	data	
and	geological	maps	were	used	to	analise	the	phase	of		sedimentation		process	at	the	era	
of	Pliosen	 	2‐million	years	and	identify	the	sequence	of	ancient	coastline	movement	to	
the	 unification	 	 become	 the	 existing	 Java	 condition. Collected	 mollusc	 fossils	 samples	
were		analysed		using	Accelerator	Mass	Spectrometer	(AMS)	radiocarbon.	
Field	validations		grouped	into	3‐phases.		Phase‐1	the	Pliosen	era	about	2	million	
years	the	south	 Java	mountain	zone	uplift	 lead	to	the	 formation	of	Sangiran‐dome	and	
brackish	water	 swamp	 palaento‐ecology	 zone.	 	 Variety	 of	 brackish	 water	 and	marine	
Mollusc	 fossils	 of	 Turritella	 sp,	 	 Strobus.sp,	 Murex.sp,	 Ostrea.sp,	 Orthaulax.sp,	 Natica	
vitellus,	 Telescopium	 telescopium,	 Anadara	 sp,	 Dosinia	 sp	 found	 at	 “Bukuran	 village”	
(“bukur”	in	Javanese	means	as	gastropods).		This	mollusc	dome		characterised	with	dark	
high	organic	 clay	 sediment.	 	Result	of	AMS	 14C	dating	 revealed	 that	 	 Sangiran	 	 sample		
are	35390	±	258	and	30216	±	183	14C	Age	BP	(Before	Present).		The	phase‐2	expedition	
discover	 the	 ‘ancient	 fringing‐reef’	 and	 mollusc	 fossils	 at	 Grobokan	 and	 the	 ‘trapped	
ancient	 seawater’	 	 locally	 known	 as	 ‘Bleduk‐Kuwu’	 with	 mud‐blow,	 salt	 and	 mollusc	
fossils	 of	 Antigono	 chemnitzii,	 Cullelus	 dilatatus,	 Plotia	 scabra	 and	 Tibia	modesta.	 	 In	
geological	 term	 the	 zone	 known	 as	 ‘north	Kendeng	 lime‐stone	mountain	 or	 the	 front‐
arch	formation’		as	the	ancient	coastline	of		“Muria	strait”	that	separate		Muria	mountain	
and	 Java	 and	 recognised	 as	 marine‐palaentological	 zone.	 	 	 Sample	 of	 this	 zone	 was		
23127	±	107	and	7571	±	39	14C	Age	BP.			Phase‐3,	Patiayam	dome	(Ancient	Muria	Strait)	
at	Kudus	 	 revealed	 	 	 vertical	 eco‐geological	 layers	of	 	high	organic	 freshwater,	marine	
Mollusc	 and	 coraline	 marine	 sediment	 with	 fringing‐reef	 fossil.	 	 	 Variety	 of	 marine	
mollusc	 of	 Tridacna.sp,	 	 Cassis	 tuberosa,	 Tonna	 allium,	 Haliotis	 asinine,	 Terebridae,	
Pseudodon	 vondenbuschianus,	 Elongaria	 orientalis,	 Ampullina	 bandongensis,	 Anadara	
pilula	and	Filopaludina	javanica		with		23871	±	112	and	12227	±	56	14C	Age	BP.	
Keywords	:	Spatial	analysis;	marine;	paleo‐oceanography	
Corresponding	author	:	agushartoko@gmail.com	
50 
 
IINTRODUCTION	
The	 formation	of	 	 Indonesian	 islands	was	began	at	 the	era	of	Oligosen	50	–	30	
million	 years,	 where	 Indo‐Asian	 with	 formation	 of	 Sumatera‐Java	 and	
Borneo/Kalimantan	islands			plate	collided	with	the	Australian	and	Pacific	plate	to	form	
Papua	 Mollucas	 and	 Sulawesi	 islands	 (Hall,	 2001).	 	 Geological	 up‐lift	 process	 by	
subduction	of	Australian	plate	into	the	Indo‐asian	plate		Sumatra‐Java‐Kalimantan	at	the	
era	 of	 Pliosen	 	 2‐million	 years	 ago	 to	 the	 original	 coastal	 line	 up	 to	 the	 unification	
become	 the	 existing	 Java	 condition	 (Bemmelen,	 1970;	 Louys,	 and	 Erik.	 2010).	 The	
anthropological	 study	 by	 De	 Graaf	 and	 	 Pigeaud	 (1985),	 France	 historian	 Lombard	
(1996)	 assumed	 that	 Muria	 mountain	 was	 before	 a	 separated	 island	 from	 Java.		
Espescially	 in	 the	 periode	 before	 the	 17th	 century	 that	 was	 separated	 by	 a	 strait.		
Lombard	 (1996),	 Kistanto	 et.al.	 (2009)	 	 describes	 that	 old	 cities	 of	 Demak,	 Jepara,	
Kudus,	Pati,	Juwana	and	Rembang	were	important	key	harbours	along	the	north	coastal	
zones	of		Muria	strait	that	separated	of	Java	and	Muria.  	
Sangiran	 had	 been	widely	 known	with	 the	 discovery	 site	 of	Homo	erectus	or	 the	man	
from	Java	(Bettis,	et.al.	2004;	Bettis,	et.al.	2009).		The	study	with	fundamental	concept	of	
discovering	Muria	mountain	 as	before	 separated	 from	 the	main	 Java	 island	by	 “Muria	
strait”	and	Sangiran	dome	was	before	also	a	marine	environment.	The	study		focuses	in	
spatial	reconstruction,	field	validation	expeditions	and	discovering		of	marine	fossils	and	
paleo‐oceanographic	 along	 the	 ancient	 coastal	 line	 at	 the	 south	 Muria	 mountain	
(Patiayam	 dome),	 	 north	 carbonate	 arch	 of	 Grobogan,	 Bleduk	 Kuwu	mud	 basin	 up	 to	
Sangiran	 dome	 of	 early	 Pleistocene	 (ca.	 1.60	 –	 1.02	 Ma)	 as	 marine	 environments.		
Through	 the	 discovery,	 it	 is	 hoped	 as	 a	 new	marine	 palaentological	 paradigm	 can	 be	
used	 to	 develop	 the	 past	 marine	 ecosystem	 or	 a	 new	 site	 for	 paleo‐oceanographic	
studies.	
 
METHODS	
	
Satellite	Data.		SRTM	‐	Digital	Elevation	Model	(DEM)	data		were	used	for	the	analysis	
of	the	sedimentation	phases	of	the	“Muria	strait”	and		the	position	of	the	ancient	original	
coastline	of	north	Java,	Muria	strait	and	and	deepsea	of	Sangiran,	Central	Java	Indonesia.	
The	spatial	analysis	involving	a	spectral	signature	analyisis	and	classification	based	on	
the	wetness	of	soil.		The	spatial	models	was	then	used		to	reconstruct	the	sedimentation	
phases	of	the	Muria	Strait	and	the	position	of	the	Sangiran	sea.			The	spatial	model	of	the	
Muria	strait	and	Sangiran	coastline	was	then		overlied	with	the	recent	riverine	system.	
Then	 field	 sampling	 site	 and	 coordinates	were	 specified	 based	 on	 the	 position	 of	 the	
ancient	 coastline	 coordinates	 (Hartoko,	 et.al.	 2012).	 Stratigraphic	 analysis	 based	 on	
Quarternary	 Environmental	 Geologic	 Map	 of	 Kudus,	 Ngawi	 (Sangiran)	 and	 Rembang	
(Source	:	Badan	Geologi.	Pusat	Survei	Geologi,	2013)	
	
Field	Sampling.	 	Based	on	the	spatial	Muria	strait	model,	with	position	of	 the	ancient	
coastal	 line,	 then	used	 as	 guide	 for	 the	 field	marine	 fossil	 collection	 coordinates.	 	 The	
field	 GPS	 guided	 expedition	was	 focused	 on	 the	 collection	 of	marine	 fossils.	 	 Such	 as	
marine	molusc	fossils	(Gastrophods	and	Bivalvia),	coral,	diatom	and	foraminifer	fossils.	
Sampling	sites	were	located	at	Patiayam‐Kudus	(the	south	ancient	coastal	line	of	Muria	
mountain),		Bendung	Klambu	and		Bleduk	Kuwu	at	Grobogan	and	Sangiran	dome.			The	
study	 focus	 on	 mollusc	 fossils	 were	 sampled	 from	 Ancient	 Muria	 Strait	 (Patiayam	
Archaeological	 Site),	 Grobogan	 and	 Sangiran	 (Figure	 1	 and	 2).	 	 Field	 sampling	 	 using	
purposive	 technique	 based	 on	 coordinate	 and	 discussion	 with	 site	 museum	 staff.	
Mollusc	 fossils	 found	 then	 identified	 to	 determine	 genera	 of	 mollusc	 fossils.	
Identification	based		to	morphometric	analysis	(Dharma.	2009).	
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Radiocarbon	Dating	Method	
	
The	 interrelationships	 and	 evolutionary	 history	 of	 molluscs	 have	 seen	 great	
advances	 in	 the	 last	 decade	 Vinther,	 (2015). Radiocarbon	 Dating	 is	 the	 method	 for	
dating	analysis	using	14C.	 	 In	order	to	evaluate	the	validity	of	a	14C	age	of	any	material,	
the	original	sources	of	the	carbon	must	be	known.		Carbon	of	gastropod	shell	carbonate	
originates	 from	as	many	as	 four	different	sources	–	atmospheric	CO2,	 food,	water,	and	
carbonate	 rocks	 Alkass,	 et.al.	 (2013).	 Analysis	 of	 the	 age	 of	 mollusc	 fossils	 with	
radiocarbon	dating	method	could	estimate	the	ages	any	organic	thing.	14C	is	an	unstable	
radioactive	isotope.	 	 	The	analysis	using	Accelerator	Mass	Spectrometer	(AMS)	system.	
AMS	detect	atoms	of	specific	elements	according	to	their	atomic	weights.	 	However,	do	
not	have	the	sensitivity	to	distinguish	atomic	isobars	(atoms	of	different	elements	that	
have	 the	 same	 atomic	weight,	 such	 as	 in	 the	 case	of	 carbon	14	 and	nitrogen	14	–	 the	
most	common	isotope	of	nitrogen).		Essentially	two	parts	in	the	process	of	radiocarbon	
dating	through	AMS.	The	first	part	involves	accelerating	the	ions	to	extraordinarily	high	
kinetic	 energies	 and	 the	 subsequent	 step	 involves	 mass	 analysis.	 Two	 accelerator	
systems	commonly	used	for	radiocarbon	dating	through	AMS.			First	is	the	cyclotron		and	
the	 second	 is	 a	 tandem	 electrostatic	 accelerator	 (Beta	 Analytic.	 2016;	 	 Calibration	
Online.	2016).		The	radio‐carbon	analysis	was	supported	by	Micro	Analysis	Laboratory,	
Tandem	accelerator	 (MALT),	 The	University	Museum,	 The	University	 of	 Tokyo,	 Japan.	
The	 protocol	 of	 the	 radiocarbon	 dating	 procedure	 from	 marine	 mollusc	 fossils	 by	
Matsuzaki	(2015).		
Preparation	of	samples	use	less	than	10	mg,	treated	twice	with	1.2	M	HCl	for	6	hr	
at	 80°C	 to	 remove	any	 possible	 carbonate	 contaminants.	 	 	 Samples	were	 then	 treated	
with	0.005	M	–	1.2	M	sodium	hydroxide	at	80o	C.	Then	washed	with	ultra	pure	water	and	
treated	again	with	1.2	M	HCl	for	2	hour	at	80°	C.		Removing	exess	HCl		completely	from		
samples,	 centrifuge	 and	 decant	 were	 repeated	 after	 adding	 some	 distilled	 water.	
Samples	 were	 then	 dried	 in	 an	 electric	 oven	 at	 90	 °C	 	 for	 	 small	 sample	 add	 a	 few	
hundred‐milligrams	 of	 CuO	 powder	 (Filamentous	 Copper	 Oxide	 II)	 as	 a	 carrier	 to	 the	
sample	 in	 the	 centrifuge	 tube,	 to	 collect	 carbonaceous	 materials	 completely.	 Total	
amount	of	pretreated	charred	samples	was	used	to	produce	CO2.		 	Samples	were	put	in	
Vycor	tubes	of	about	9	mm	in		diameter,	with	about	1	g	of	granular	CuO.			The	tubes	were	
then	 connected	 to	 a	 vacuum	 line	 	 and	 sealed	 to	 a	 tube	 length	of	 300	mm.	 	 The	Vycor	
tubes	were	 heated	 to	 850°C	 for	 2	 hour	 to	 completely	 convert	 carbon	 to	CO2.	 The	CO2	
produced	was	purified	cryogenically	in	a	vacuum	line	and	reduce	to	graphite	on	about	2	
mg	Fe	powder	 in	 the	presence	of	hydrogen.	The	 graphite	materials	were	pressed	 into	
aluminum	 target	 holders	 for	 AMS	 14C	 dating.	 	 The	Hox‐II	 standard	was	 used	 as	 a	 14C‐
concentration	 reference	 (Matsuzaki.	 2015;	 Pigati,	 et.al.	 2006;	 Nakamura,	 et.al.	 2001).			
The	14C	ages	were	calibrated	to	a	OxCal	(Zaim,	Y.	2006).	
	
 
 
RESULT		AND		DISCUSSION	
 
The	 result	 of	 the	 digital	 elevation	 spatial	 model	 for	 the	 reconstruction	 and	
analysis	 of	 the	 Muria	 strait	 was	 then	 overlaid	 with	 the	 recent	 coastal	 and	 riverine	
system	as	presented		in		Figure	1	and	Figure	2.		The	oldest	coastaline	was	the	bluish	line	
zone,	 followed	by	 the	 light	green	zone	and	 finally	 the	orange	colour	zone	 identified	as	
the	 sedimentation	phases	occur	at	 the	ancient	Muria	strait.	 	The	coastline	coordinates	
were	use	 for	 the	 field	validation	of	 	marine	 fossils,	where	an	ancient	 fringing	 reef	was	
found	at	the	south	coast	of	Muria	and	at	the	north	coast	of	Grobokan	(Figure	1).	
	
	
	
52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure	 1.	 The	 old	map	 by	 De	 Graaf	 (left)	 and	 the	 satellite	 data	 spatial	 reconstruction	
model	and	the	sedimentation	phases	of	 the	Muria	strait	and	 	 the	ancient	 	coastal	 lines	
(right) 
 
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	 2.	 Spatial	 ancient	 seas	 reconstuction	 of	 (A)Muria,	 (B)Grobokan	 Kendeng	 ‐
Bendungklambu,	(C)	Bleduk‐Kuwu,	(D)Sangiran		and	(E)Ngawi		overlaid	with	Bengawan	
Solo	and	Java	riverine	system	
	
Stratigraphic	 study.	 	 The	 Pliosen	 era	 about	 2	 million	 years	 the	 south	 Java	
mountainaeus	zone	was	uplifted	the	north	section	of	Java	and	lead	to	the	formation	of	
Sangiran‐dome	 and	 back‐swamp	 palaento‐ecological	 zone.	 	 Vertical	 stratigraphy	 was	
strarted	 from	 the	 lowest	 layer	with	 Kalibeng	 formation	which	 is	marine	 environment	
(1.8	milion	year)	contains	with	the	blue‐clay	and	followed	with	foraminiferal	limestone.	
Folowed	with	Pucangan	 formation	(1.8	–	0.9	million)	contains	of	 laharic	breccia,	black	
clay,	molusca	sandy	claystone	and	ditomic	clay.	Then	Grendsbank	formation	(0.9	–	0.25	
million)	 contains	 with	 polimix	 conglomerates,	 crossbedding	 sandstone,	 tufaceous	
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sandstone,	 laharic	 breccia,	 tufaceous	 sandstone	 and	 mud	 volcano	 deposits	 	 (Badan	
Geology.	2013;		Sartono	et.al.	1981;	Pandita	and	Yahdi	Zaim.	2014).	
The	important	findings	at	Sangiran	dome	as	the	ancient	marine	environment	were	the	
presence	of	“salt‐water	capilar”	(locally	called	as	Banyuasin	site)	and	marine	“Diatome	
dome”	 	 at	 Pablengan	 village,	 	 coral	 reef	 fossils	 and	 its	 associated	 organisms	 at	
Sambungmacan		and	Ngawi	such	as	tube‐worm	Polychaeta,		Mollusc‐dome	at	“Bukuran”	
village	 (“bukur”	 in	 Javanese	 language	means	 as	 gastropods).	 	 The	 field	 validation	 had	
found	 variety	 of	 a	 massive	 marine	 Mollusc	 fossils	 such	 as	 Murex.sp,	 Turritella	 sp,		
Strombus.sp,		Ostrea.sp,	Orthaulax.sp,	Polinices.sp	(Naticidae)	which	was	also	confirmed	
with	 the	 collection	 of	 Sangiran	Museum,	 such	 as	Telescopium	telescopium,	Coniscala.sp	
(Superfamily:	Epitonacea).		The	mollusc	dome	of	Bukuran	considered	as	freshwater	was	
characterised	with	 a	 dark	 high	 organic	 clay	 sediment	 (Figure	 2).	 	 Bettis	 et.all.	 (2004;	
2009)	define	the	overlaying	sediments	as	“black‐clay”	includes	siltstones	and	mudstones	
that	accumulated	in	shallow‐marine,	brakishwater	and	marsh	environments.	 	 	While	at	
Puren	 formation	 on	 a	 recent	 small	 riverine	 system	 abundance	 of	 marine	 genera	 of	
mollusc	 such	as	Barbatia	(Arcacea),	Anadara.sp,	Dosinia.sp,	Thais.sp,	Vermetus	javanus,	
Volutispina	sp,	Astarte.sp,	Malea.sp,	Zaria.sp,	Vermicularia.sp,	Inoceramus.sp,	Levitusia.sp	
(Superfamily	 :	 Productacea)	 and	Nerinea.sp	 (Nerineaceae)	 and	many	other	 sampels	 of	
Gastropod	 and	 Bivalvia	 that	 are	 still	 unidentified	 had	 been	 found.	 	 Rare	 freshwater		
species	 Brotia	 testudina	 (Scalaroidea),	Corbicula.	 sp	 (Myacea),	 and	 surprisingly	 a	 2m	
length	 giant	 tube‐worm	 (unidentified)	 and	 Gyroceratites.sp	 (Mimocerataceae)	 and	
Nautilus.	sp		found	at	Sambungmacan	village,	Balanus.sp	and	several	genus	of		Echinoids	
(Echinus.sp;	Nucleolites.	sp)	at	Tanon	district,	which	all	confirm	that	Sangiran	dome	as	
the	 truth	 of	 ancient	 marine	 environment	 were	 identified	 using	 Murray	 (1986),	 	 De	
Bruyne	(2003),	Dane	(2002),	MacDonald	(1986).	 	Nautilus	javanus	of	upper	Miocene	is	
the	 only	 cephalopod	 fossil	 that	 has	 been	 described	 from	 Java.	 	 Most	 important	 of	
Sangiran	dome	was	that	the	lower	and	middle	pleistocene	layers	bears	the	most	rich	of	
both	 vertebrate	 and	 invertebrate	 fauna	 could	 be	 assembled	 (Bemelen,	 1970).	 	 Good	
exposure	of	strata	underlying	the	sub‐zone	at	Sangiran	dome	(Figure	2,	Hartoko.	2012)	
which	 has	 been	 cut	 by	 Tjemoro	 river	 was	 began	 with	 bluish	 gray	 marine	 clays	 and	
argillaceous	sands	with	marine	fossil	Turritella	bantamensis	of	the	upper	pliocene.		The	
marine	facies	terminates	with	a	horizon	of	Balanus	limestone,	followed	by	a	freshwater	
mollusc	 Turritella	 ‐	Corbicula	beds	 of	 Ngawi.	 	 	 Lower	 breccias	 of	 Sangiran	 and	 west	
Ngawi	 sub‐zone	 as	 freshwater	 lake	with	 intercalation	 of	 black	 clays	which	 contain	 of	
diatomaceous	 beds	 and	 yellow	 marine	 clay	 horizon	 with	 only	 half	 meter	 thickness	
proves	 an	 invasion	 of	 the	 sea	 of	 short	 duration	 (Altena,	 1938;	 	 Bemmelen,	 1970;	
Seisser,	et.al.	1984;	Hallock	et.al.	2003).	
Stratigraphic	 analysis	 of	 the	 Sangiran	 dome	 based	 on	 Quarternary	
Environmental	Geologic	Map	of	 the	Solo‐Madiun	area	explain	 that	 Sangiran	area	were	
started	 with	 Kalibeng	 formation	 (Pliocene)	 with	 alternation	 of	 limestone,	 marl	 and	
marly	limestone,	silt,	tuffeous	silt	and	sandstone.	Puren	formation	with	bluish	gray	silt,	
limestone,	 sandy	 tuff	 layers	moluscs.	Karangrejo	 formation	with	black	 clay,	 tuffaceous	
silt	 sand,	 bone,	 foram	 and	 molluscan	 fossils.	 Ngrejeng	 formation	 with	 breccia,	
alternation	 of	 limestone	 and	 siltfine	 sand,	 conglomerate	 and	 silt‐fine	 sand,	
conglomeratetic	 sandstone.	 Gondang	 formation	 with	 sand,	 tuffaceous	 silt,	 thin	
alternation	 of	 sandstone	 and	 siltstone.	 Followed	 with	 early	 pleistocene	 of	 Pucangan	
formation,	 Sangiran	 formation,	 Ketanggung	 formation.	Middle	 pleistocene	with	Kabuh	
formation,	Bapang	 formation,	Ngarum	 formation.	Lower	Notopuro	 formation,	Pohjajar	
formation,	Sidolayu	formation,	Mlandong	member	formation,	Sugih	member	formation,	
Dungus	 member	 formation.	 	 Upper	 Notopuro	 formation,	 upper	 Notopuro,	 upper	
Sidolayu,	 Mandang	 formation.	 Nglakar	 formation	 and	 Basaltic	 still.	 	 Late	 Pleistocene,	
with	 Setri	 formation	 and	 finished	with	 Holcene	with	 alluvium	 and	 tambak	 formation,	
alluvium	 and	 Sambirejo	 formation	 and	 alluvium	 and	 Maron	 formation.	 	 Stratigraphic	
analysis	based	on	Quarternary	Environmental	Geologic	Map	of	the	Solo‐Madiun,	Kudus,	
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Ngawi	and	Rembang		area	(Badan	Geologi.	2013),	supported	with	spatial	reconstruction	
database	(Figure	2).	 	Followed	by	field	validation	sampels	had	confirmed	that	Sangiran	
and	Patiayam‐Kudus	were	the	same	as	pliocene	with	the	oldest	formation	of	blue‐mud	
and	Sambungmacan	as	the	deep	sea	zone.		While	in	between	of	the	above	formation	was	
found	 as	 the	 late	miocene	 at	 Bleduk	 Kuwu	 and	 Bendung	 Klambu	with	 limestone	 and	
identified	as	shallow	seas.	
 
 
Morphometric	Identification	of	Mollusc	Fossils	
The	 specimens	 of	 mollusc	 fossils	 were	 collected	 from	 Archeological	 site	 of	
Patiayam	(Ancient	Muria	Strait),	Grobogan	and	Sangiran	(Figure	3,	4	and	5).	
	
		
Figure	 3.	 Samples	 of	 Patiayam	 –	Muria:	 A)	Pseudodon	vondenbuschianus	 length:	 49.80	
mm	height:	 29.80	mm;	B)	Elongaria	orientalis	 length:	37.95	mm	height:	 16.35	mm;	C)	
Terebridae	 length:	 43.70	 mm	 height:	 30.75	 mm;	 D)	 Ampullina	 bandongensis	 length:	
22.05	mm	height:	 15.25	mm;	 E)	Filopaludina	javanica	 length:	 27.85	mm	height:	 18.55	
mm;	F)	Anadara	(cunearca)	pilula	length:	28.55mm	height:	27.70	mm.	
	
	Figure	4.	 	Samples	of	Grobogan:	A)	Plotia	scabra	 length:	14.05	mm	height:	5.05	mm;	B)	
Cullelus	dilatatus	 length:	 49.60	 mm	 height:	 25.05	 mm;	 C)	 Antigono	chemnitzii	 length:	
68.05	mm	height:	63.30	mm;	D)	Tibia	modesta	length:	19.75	mm	height	:	6.10	mm.	
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Figure	5.	Samples	of	Sangiran:	A)	unindentified	 length:	57.60	mm	height:	36.05	mm;	B)	
Telescopium	telescopium	 length:	 111.05	mm	height:	 57.05	mm;	 C)	Anadara	 sp.	 length:	
55.25	mm	height:	38.05	mm;	D)	Dosinia	insularum	length:	42.05	mm	height:	47.05	mm;	
E)	unindentified	length:	32.05	mm	height:	23.05	mm.	
							
	
The	Age	of	Marine	Mollusc	Fossils	with	Radiocarbon	Dating	
Result	of		marine	mollusc	fossils	ages	using	Accelerator	Mass	Spectrometry	(AMS)	
radiocarbon	through	4	steps	 :	 sampel	preparation,	chemical	pretreatment,	combustion	
(oxidation)	 and	 sample	 processing	with	AMS.	 The	 result	 of	marine	mollusc	 fossils	 14C	
ages	has	to	calibrate	using	OxCal	Calibration	(Table	1).	
	
Table	1.	Result	of		14C	ages	and	Radiocarbon	Ages	Calibration	
No	 No.	Sampel	 Lokasi 14C	Age	
(BP/Before	Present)	
Calibrated	Age		
(BC/	Before	Christ)	
1	 MOL‐CD1	 Grobogan 23127	±	107 25692	‐	25252	
2	 MOL‐CD2	 Sangiran 35390	±	258 38710	‐	37383	
3	 MOL‐CD3	 Patiayam	– Muria	 23871	±	112 26248	‐	25735	
4	 MOL‐CD4	 Grobogan	 7571	±	39 6479	‐	6379	
5	 MOL‐CD5	 Patiayam	– Muria 12227	±	56 12426	‐	11994	
6	 MOL‐CD6	 Sangiran 30216	±	183 32672	‐	31947	
*Bold:	the	oldest	area.		Underline:	the	youngest	area	
 
 
The	 AMS	 result	 of	 14C	 analysis	 of	 marine	 mollusc	 fossils	 collected	 from	 the	
Archeological	 Site	 of	 Sangiran,	 Grobogan	 and	 Patiayam	 (Ancient	 Muria	 Strait)	 on	 the	
individual	was	found	with	range	ages	of	6479	–	38710	BC	(Table	1),	after		specific	data	
and	using	radiocarbon	calibrated	age	using	OxCal	Calibration	(Zaim.	2006;	Stuiver,	et.al.	
1986;	Nakamura,	et.al.	2001).	 	 	The	oldest	14C	age	of	35390	±	258	BP	was	obtained	for	
mollusc	 sample	 collected	 from	 the	 Archeological	 Site	 of	 Sangiran,	 	 then	 	 followed	 by	
Patiayam	(Ancient	Muria	Strait)	and	the	youngest	was	Grobogan	zone.			Marine	mollusc	
fossils	found	in	Sangiran	consists	of		Telescopium	telescopium	with	length	of	111.05	mm	
and	height	57.05	mm	(Figure	5).	This	size	was	found	to	be	much	larger	than	the	recent	
Telescopium	 in	 general.	 	 Anadara	sp.	 sample	 found	 with	 morphology	 intact	 condition	
with	a	length	of	55.25	mm	and	Dosinia	sp.	with	a	length	of	42.05	mm.		Sangiran	during	
the	 Pleistocene	 become	 one	 part	 of	 the	 Java	 Island	 have	 experienced	 several	
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deformation	due	to	fluctuations	in	sea	level	surface	(Rosyidah,		2013).			Lithology	change	
step	from	the	ocean	turns	into	a	swamp	and	then	go	through	with	land	by	the	activity	of	
an	 ancient	 volcano	 with	 different	 formation	 lithology	 (Wulandari.	 2012).	 	 Based	 on	
stratighraphic	analysis,	Sangiran	area	were	started	with	Kalibeng	formation	(Pliocene),	
Pucangan	 formation	 (early	 Pleistocene),	 Kabuh	 formation	 (middle	 Pleistocene)	 and	
Notopuro	 formation	 (Wulandari.	 2012;	 Hartoko,	 et.al.	 2014).	 	 Marine	 mollusc	 fossil		
found	 near	 to	 Kalibeng	 formation	 in	 Puren	 River	 and	 Karangrejo.	 Field	 validation	
sampling	 had	 confirmed	 that	 the	 result	 of	 radiocarbon	 dating	 sample	 (absolute	 ages)	
and	geology	age	were	in	accordance	support	the	same	result.		Sangiran	was	found	as	the	
oldest	formation	as	the	deep	sea	zone.				
Lithology	of	Ancient	Muria	(Patiayam)	divided	into	six	formations,	that	is	 	Jambe	
formation	 (Pliocene),	 Kancilan	 formation	 (early	 Pleistocene),	 Slumprit	 formation	
(middle	 Pleistocene),	 Kedungmojo	 formation,	 Sukobubuk	 formation	 (the	 end	 of	
Pleistocene)	and	“endapan	teras”	(Holosen).			Two	formation	periods	of	the	environment	
precipitation	in	Patiayam,	such	as	Jambe	formation	in	a	shallow	seas	and	four	formation	
at	 the	 younger	 area.	 	 Kancilan	 formation	 was	 the	 beginning	 of	 the	 changes	 to	 the	
environment	 (Mulyaningsih.	 2008;	  Zaim.	 2006).	 	 The	 AMS	 14C	 age	 samples	 from	
Archeological	site	of	Patiayam	(Ancient	Muria	Strait)	gave	the	results:		23871	±	112	BP	
and	 12227	 ±	 56	 BP	 with	 variety	 of	 marine	 mollusc	 fossils:	 Terebridae,	 Pseudodon	
vondenbuschianus,	 Elongaria	 orientalis,	 Ampullina	 bandongensis,	 Anadara	 pilula	 and	
Filopaludina	 javanica	 (Figure	 3).	 	 This	 formation	 was	 found	 as	 the	 late	 miocene	 in	
Grobogan	 with	 limestone	 and	 identified	 as	 shallow	 seas.	 The	 area	 was	 found	 as	 the	
youngest	area	with	AMS	14C	results	are	23127	±	107	BP	and	7571	±	39	BP.	 	 	The	zone	
was	known	in	geological	term	as	‘the	north	Kendeng	limestone/carbonate	mountain	or	
the	 front‐arch	 formation	 consisting	 with	 the	 denundation	 of	 Globigerina	 –	 limestone	
Hartoko,	et.al.	 2014.	 	 The	 field	 validation	 on	 the	 coordinate	 position	 of	 Grobogan	had	
discover	sampels	of	limestone	sediment	and	mollusc	fossils	such	as	Antigono	chemnitzii,	
Cullelus	dilatatus,	Plotia	scabra	and	Tibia	modesta.	
	
Conclusion.	 	 	 The	 study	 revealed	 that	 the	 archeological	 site	 of	 Sangiran	 and	Patiayam	
were	the	same	as	Pliocene	with	the	oldest	formation	and	appropriate	with	radiocarbon	
carbon	 dating	 results	 as	 the	 deep	 sea	 zone	 (Sangiran)	 as	well	 as	 ancient	Muria	 Strait	
(Patiayam).	 	 While	 formation	 found	 at	 Grobogan	 with	 fringing‐reef	 found	 as	 the	
youngest	result	of	radiocarbon	dating.		
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